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EXECUTIVE SUMMARY

A nine-day trial of the US Wireless Corporation RadioCamera™ network was conducted in
Seattle, WA during the period 06-16 March 2001. The objective of the field trial was to evaluate
the performance of the RadioCamera™ Wireless Location Platform and to assess the suitability of
the system in meeting the E9-1-1 location requirements as established by the FCC Report and
Order 94-102. The trial procedures and performance analysis were monitored by NENA'.

The test region included a 2 square mile area that encompassed downtown Seattle and the
surrounding area. The US Wireless Location Platform under test included 14 RadioCamera™
sites deployed as an independent network overlay (no integration with any carrier network was
required). Testing was performed using digital handsets. Over 1,400 test calls and 16,000
locations fixes were evaluated for 9 mobile test routes and 18 fixed test points, encompassing a
wide variety of operating environments.

Test results concluded that the US Wireless Location Platform was able to meet FCC
performance requirements with

*  67% of location fixes within 61 meters of the actual caller location,

»  05% of location fixes within 295 meters of the actual caller location.

To facilitate testing, a US Wireless Mobile Test Unit was used to establish digital test calls,
measure and report call events (initiations, handoffs, etc.) and measure ground truth location
measurements using GPS technology augmented with a dead-reckoning system. The Mobile Test
Unit was comprised of the following equipment: SAFCO WalkAbout Unit, commercial digital
handset, synchronization unit, CDMA handset (used as a wireless data link to the Hub), GPS unit
and a drive test vehicle equipped with a dead-reckoning system.

A set of 9 mobile test routes and 18 stationary test points was defined for the test region. The test
cases were designed to provide a representative set of test points and routes throughout the test
region and included both on-road and off-road testing. The 9 mobile routes provided
comprehensive coverage of the test area: 7 routes were selected as regional tests (confined to
specific areas within the test region), the 8" route was defined as a freeway route and the 9 route
was selected in a random fashion throughout the test region.

All test calls were 30 seconds in length with 15 seconds between consecutive test calls. At each
stationary test point, approximately 40 test calls were placed. For each mobile test route,
approximately 100 test calls were placed during each route, except for the two routes in the same
geographical area in which ~50 calls were placed for each. The RadioCamera™ system was
configured to produce a location estimate every 3 seconds throughout a test call. During testing
two sets of data files were collected and stored: RadioCamera™ Hub Playback files containing a
record of the RadioCamera™ location measurements produced in real-time and Mobile Test Unit
files including the GPS / dead-reckoning log files where the ground truth measurements were
recorded.

Accuracy performance was computed by comparing the RadioCamera™ location measurements
with “ground truth” measurements made by the Mobile Test Unit. Performance was

' National Emergency Number Association
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characterized in terms of the FCC performance metrics of 67" and 95" percentiles. The
following 3 cases were evaluated for each mobile route and test point:

* All Fixes: accuracy for all location fixes, 100% yield where no fixes are discarded,
regardless of fix or call quality, ~10 fixes / call (one fix every 3 seconds, for each 30-
second call);

» First Fix: accuracy for the first fix of each call, 1 fix / call, reported within ~3.2 seconds,
indicative of call routing accuracy;

» Best Fix: accuracy for the highest quality fix during each call, 1 fix / call, chosen as the
fix with the highest associated quality factor, reported within 30 seconds as per the FCC
recommendations.

The overall system performance for the combined 9 mobile test routes and the 18 stationary test
points with a distribution of roughly 50% mobile and 50% stationary test calls is provided in
Table 1.

Table 1: Overall Performance Summary for all stationary and mobile test cases.

# of Calls | # of Fixes | m@67% | m@95% | %<100m | %<300m
Best Fix 1481 1481 61lm 295m 81% 95%
First Fix 1481 1481 60m 364m 79% 94%
All Fixes 1481 16066 62m 348m 81% 94%

Based upon FCC recommendation for best fix accuracy within 30 seconds, the US Wireless
Location Platform was determined to be FCC Compliant for a network-based solution.

»  81.2% within 100 m (67% of fixes are within 61 meters of the caller location)

*  95.3% within 300 m (95% of fixes are within 295 meters of the caller location)

The US Wireless Location Platform was also seen to be close to meeting the FCC’s standard for
handset-based solutions:

= 60.5% of calls within 50 m of the caller location;

s 89.7% of calls within 150 m of the caller location.

Testing Monitored by NENA 120 001 015 : EO13 : 2001-04-05
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1 INTRODUCTION

This report provides final results and performance analysis of the US Wireless Corporation Field
Trial of the RadioCamera™ Wireless Location System. Testing was conducted for nine days
during the period 06-16, March 2001, in an approximately 2 square mile test region including
downtown Seattle, Washington. Personnel from NENA monitored test procedures and system
performance.

The primary objective of the field trial was to evaluate the performance of the RadioCamera™
Wireless Location Platform and to assess the suitability of the system in meeting the E-911
location requirements as established by the FCC Report and Order 94-102. In order to fully
evaluate the network, a comprehensive test plan was developed to evaluate system performance
under a variety of controlled test conditions and operating environments. Testing included in-
vehicle and pedestrian test cases, as well as stationary and mobile test cases. For each test case, a
sufficient number of calls and location fixes were recorded to ensure statistical reliability of the
measured performance results.

The remainder of this report is organized as follows. In Section 2, the test methodology is
described, including a description of the test region, the RadioCamera™ test system, and all test
procedures. The test cases, maps of stationary test points and mobile routes, are provided in
Section 3 and a description of the performance analysis is given in Section 4. Comprehensive
performance results are presented in Section 5, followed by conclusions in Section 6. Appendix
A provides an overview of the US Wireless Location Services Platform and describes the

RadioCamera™ location —pattern matching technology.

Testing Monitored by NENA 120 001 015 : E003 : 2001-04-03
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2 TEST METHODOLOGY

2.1 Test Region

The trial test region 1s shown in Figure 1. The test region covers approximately 2 square miles
and includes a variety of operating environments including dense urban, urban, commercial,
residential, waterfront and highway.
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Figure 1: Field Trial test region. Coverage area is approximately 2 square miles.

2.2 Test System

The Test System was comprised of two primary components: (1) the RadioCamera™ Location
Network, and (2) the Mobile Test Units.

2.2.1 RadioCamera™ Location Network

The RadioCamera™ Location Network included a set of 14 RadioCamera™ Base Units (RBUs),
a RadioCamera™ Hub, and the data network required for communications between these
systems. The locations of the RBUs are shown in Figure 1. A single RadioCamera™ Hub was
deployed at the US Wireless office located in Seattle, WA.

Leasing considerations motivated the deployment of the Seattle test region. The goal was to have
an operational network in a timely manner. In a commercially deployed RadioCamera™ network,
sophisticated RF engineering techniques and knowledge of a carrier’s sites are combined for site
selection with the goal of approximately 1:1 with a carrier’s sites. Commercial RadioCamera™
networks will be deployed for the most advantageous coverage of all carriers in a market and
network modifications will be made as new carrier sites are deployed.

Testing Monitored by NENA 120 001 015 : E003 : 2001-04-03
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The individual RBUs reported their location information through either a 56k point-to-point
frame relay or a wireless microwave link. From these sites, all RBU communications were
connected to the RadioCamera™ Hub through dedicated 128K frame-relay circuits. Wireless
microwave links were used to increase the speed of deployment and are currently being converted
to frame relay circuits. Commercial networks will utilize 128k or larger frame relay circuits for
all transfer of data from the RBU to the Hub.

2.2.2 Mobile Test Unit

The Mobile Test Unit (MTU) was responsible for establishing digital test calls, measuring and
reporting all call events (e.g., call initiations, handoffs, and terminations), and establishing the
ground truth location measurements for mobile calls. The MTU consists of the following
equipment:

e SAFCO Walkabout Unit — extracts call event information from the test handset and
provides this information to the Laptop Computer;

e Digital Handset — a conventional dual-mode handset used for placing all test calls (placed
in digital only mode);

e Synchronization Unit — measures timing for active test calls. This unit consists of two
components: (1) an RF power envelop detector and (2) a GPS timing source;

o CDMA Handset — provides a wireless data link between the MTU and the Hub, for
reporting all call event information and timing to the Hub in real-time;

¢GPS Unit — commercial GPS unit to provide ground truth latitude & longitude, as well as
GPS timestamps;

e Laptop Computers — MTU control and processing;
e Drive-Test Vehicle — vehicle equipped with a dead-reckoning system to supplement GPS.

Two independent mobile test units were used in testing. One was fully equipped as described
above, while a second was designed for use outside of the vehicle for off-road and indoor testing.

Testing Monitored by NENA 120 001 015 : E003 : 2001-04-03
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3 TEST CASES

A set of 18 Stationary Test Points and 9 Mobile Test Routes was defined for the nine-day
evaluation period. The test points and routes were designed to evaluate the system over a wide
range of operating conditions and environments.

The locations of the 18 Stationary Test Points are shown in Figure 2. Note that 2 out of 18
Stationary Test Points (Points 6 and 7) are located outside of the designated test region and may
not accurately reflect the RadioCamera™ network’s performance. The RadioCamera™ network
was designed and optimized for performance within the test region. Performance outside of the
test region for any location system will be unpredictable.

- EPakManor

| _Metropolitan Park

| First Hill Plaza

®6
oick Stationary Test Point
@®
RadigCamera
n

Coverage Region

N
e N

Figure 2: Stationary Test Points.

The nine Mobile Test Routes are shown in Figure 3-Figure 11. Mobile Test Routes 1 through 7
test specific regional areas and were selected for ubiquitous testing of the coverage region.
Mobile Route 8 demonstrates highway performance. Mobile Route 9 was chosen to illustrate
performance throughout the test region.

Testing Monitored by NENA 120 001 015 : EO03 : 2001-04-03
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Figure 3: Mobile test route 1 (M1), North Route, driven north and south.

Figure 4: Mobile test route 2 (M2), North Route, driven east and west.

Testing Monitored by NENA 120001 015 : E003 : 2001-04-03
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Figure 5: Mobile test route 3 (M3), North-Central Route.

Figure 6: Mobile test route 4 (M4), Downtown Route.

Testing Monitored by NENA 120 001 015 : E003 : 2001-04-03
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Figure 7. Mobile test route 5 (M35), Western Route.

Figure 8: Mobile test route 6 (M6), East Route.

Testing Monitored by NENA 120 001 015 : E0O3 : 2001-04-03
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Figure 9: Mobile test route 7 (M7), Convention Center Route.

Figure 10: Mobile test route 8 (M8), Freeway Route.

Testing Monitored by NENA 120001 015 : EQO3 : 2001-04-03
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Figure 11: Mobile test route 9 (M9), Overall Test Region Route.

3.1 Test Procedures

3.1.1 Test Teams

The test procedures were executed by two test teams. One team was referred to as the “Field Test
Team”. This team was responsible for placing all calls and making measurements at the
designated Stationary Test Points and Mobile Test Routes. A second test team was referred to as
the “Observation Team”, and was located at the RadioCamera™ Hub in the Seattle, WA office of

USWC.
The team composition and company affiliations were as follows:

Field Test Team (single team of 3 persons)
¢ Vehicle Dnver, USWC

e Mobile Test Unit Technician, USWC
e Field Test Observer(s), NENA

Observation Team (single team of 3 persons)
e RadioCamera™ Hub Operator, USWC

o USWC Test Coordimnator, USWC

o NENA Test Coordinator, NENA

Testing Monitored by NENA 120 001 015 : E003 : 2001-04-03
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3.1.2 Call Procedures

At each of the 18 stationary test points, the field test team placed an average of 40 test calls in
digital mode. Calls were placed using an auto-dialer for a 30-second duration, followed by a 15
second break (total of 45 seconds / call). The call quality and system performance were
monitored at the office location, and any anomalous events were noted’.

For the Mobile Test Routes, identical call procedures were followed with one exception. Due to
varying lengths of time required to complete the test routes, the routes were driven multiple times
until approximately 100 calls had been placed. Mobile routes 1 and 2 both cover the northemn
section of the test region. Mobile route 1 was driven north-south and mobile route 2 was driven
east-west. In order to ensure ubiquitous testing, Mobile route 1 and 2 were each driven for
approximately 50 calls rather than 100 calls.

3.1.3 Data Collection & Storage Procedures
USWC collected and archived the following set of files during each day of testing:

e RadioCamera™ Base Unit files for each site in the test region;
e Mobile Test Unit Files:
o SAFCO Log File (call events as reported by the SAFCO unit);
o GPS Log File;
¢ RadioCamera™ Hub Files:
o Playback Files;
o Call Event Log File.

The *.csv files containing “best”, “first” and “all” location measurements per call were provided
to NENA at the end of testing. All files were available for review.

? Anomalous events included inadvertent switching between AMPS and digital modes, dropped calls, and
equipment or procedural failures during testing.

Testing Monitored by NENA 120 001 015 : E0O3 : 2001-04-03
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4 PERFORMANCE ANALYSIS

4.1 Data Analysis Overview

A complete statistical analysis of the test data has been performed, and the results are reported in
the Section 5. Specific data file formats and content are described further in Section 4.2.

Post-processing software was used to select specific location measurements to represent the First
Fix and Best Fix location estimates for each test call. The “best fix” selection was based on a
quality factor associated with the location measurements (this quality factor is also reported in the
output files).

4.1.1 All Fixes

All Fix accuracy represents unfiltered accuracy measurements. In All Fix data, the accuracy of
all location fixes are reported, representing 100% yield where no fixes are discarded regardless of
fix or call quality. Approximately 10 fixes are recorded for each test call (one every 3 seconds,
tor each 30-second call).

4.1.2 First Fix

First Fix accuracy represents the accuracy for the first location fix of each call, 1 fix / call. As an
E9-1-1 design goal, the first fix was to be reported within 4 seconds of call initiation. To meet
this goal, the RadioCamera™ system was configured to collect the RF signal over a 2.5 second
interval. Subsequent processing required approximately 0.5 second, resulting in a first fix
availability within ~3.2 seconds. First Fix location estimates are indicative of PSAP call routing
accuracy.

4.1.3 Best Fix

Best Fix measurements represent the accuracy for the highest quality fix during each call, 1 fix /
call. The Best Fix measurement is chosen as the fix with the highest associated quality factor for
the duration of a call. The Best Fix location estimate is reported within 30 seconds as per the
FCC recommendations and is used to assess overall FCC accuracy compliance.

4.1.4 Accuracy Analysis

Accuracy has been determined using a fully redundant GPS unit augmented with a dead-
reckoning system. Once the Best Fix location estimates were determined, a comprehensive
accuracy analysis was conducted. This analysis included:

e Statistical analysis to estimate a Probability Density Function (PDF) and Cumulative
Distribution Function (CDF) for each test case (i.e., a Stationary Test Point or Mobile
Test Route),

o Determination of the 67" and 95® percentile accuracy performance, as per FCC
requirements, for each test case,

e Statistical analysis for groups of test cases (e.g., mobile, stationary, etc.),
® Final statistical analysis for the overall test performance.

All performance results have been summarized and are presented in Section 5.

Testing Monitored by NENA 120 001 015 : E003 : 2001-04-03
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4.2 Data Files

Three data files were generated containing the final post-processed location results. These files
are briefly described as follows:

* First Fix File - this file contains location information representing the first fix location
measurement;

¢ Best Fix File — this file contains the best location measurement fix obtained for the duration
of each call;

¢ All Fix File — this file contains all fixes for all calls at a given test point or test route. This
file represents the unfiltered’ output of the RadioCamera™ system.

The RadioCamera™ network was configured to provide 100% yield on all test calls. First fix and
best fix location information is reported for every call, regardless of the quality of the location
estimate.

4.2.1 Output File Formats

Each file was named according to the following convention:

e First Fix File: XSS_TO01_VY_ZZZZ FIRST.CSV
e Best Fix File: XSS_T01_VY ZZZZ BEST.CSV
e All Fix File: XSS_TO01 VY ZZZZ ALL.CSV

Where X is the type of test (S for stationary, M for mobile), SS is the test point or mobile route
number, V stands for visit, Y is the visit number (always 1 for this audit) and ZZZZ is the 24-
hour timestamp. The CSV extension represents the comma-delimited format readable by Excel.
The data format for all files is described in Table 2.

Table 2: Output file format.

: 1 ; g

1 Loc_ID Unique number using the format XSS

2 Fix_time Time of location fix, accurate to within 1/10 second

3 Seq_Num Sequence number of location fixes for a given call

4 Lon_Est RadioCamera™ estimated longitude, WGS 84, decimal degrees with 6
digits of precision after decimal point

5 Lat_Est RadioCamera™ estimated latitude, WGS 84, decimal degrees with 6
digits of precision after decimal point

6 Lon_True Ground true longitude from GPS unit with dead-reckoning system WGS

84, decimal degrees with 6 digits of precision after decimal point
7 Lat_True Ground true latitude from GPS unit with dead-reckoning system, WGS
84, decimal degrees with 6 digits of precision after decimal point

8 Delta Accuracy error, difference between the RadioCamera™ estimated
location and the GPS system location in meters
9 Sens_Count | Number of RBU sensors contributing to a fix

10 Lg_Factor 0 - 99 (poor to excellent)

* In this report, the RadioCamera™ “yield” for All Fix data is 100%. That is, the data is not filtered based
upon the confidence measure, and all fixes are reported regardless of the quality.

Testing Monitored by NENA 120 001 015 : EOO3 : 2001-04-03
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The time stamp that is used is GPS CentiSeconds, where GPS seconds is the number of seconds
elapsed since midnight Sunday morning in GPS Time.

4.3 Post-Processing

The RadioCamera™ real-time processing used during testing was designed to facilitate live
testing and audit of the system performance. As such, the test system was configured to process,
display and store all data — regardless of the data integrity or the quality of the location estimates.
In addition, no results are displayed indicating which estimates might be selected as the “first” or
“best” fix locations. Therefore, post-processing analysis is required to demonstrate the complete
performance of the overall system.

In general, the post-processing techniques employed in this analysis were designed to address
data filtering. Data filtering was required to select final outputs based upon the location quality
estimates, or confidence factors.

Testing Monitored by NENA 120 001 015 : E003 : 2001-04-03
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5 PERFORMANCE RESULTS

Accuracy performance results of the system are presented in this section. Overall, mobile and
stationary performance results are presented in Figure 12 — Figure 14. In the (a) figures, the
percentage of location fixes that fall within the 100 meter and 300 meter requirements is shown
for best fix, first fix and all fixes. In the (b) figures, the error in meters for 67% and 95% of calls
1s shown for best fix. Recall that the current FCC mandate requires network-based location
technologies must place 67% of best fixes within 100 meter of the caller and 95% of best fixes
within 300 meter.

Overall, combined mobile and combined stationary performance results are shown in Table 3 —
Table 5.

Table 3: Overall Performance Summary for all combined mobile and stationary test cases.
# of Calls | m@67% | m@95% | %<100m | %<300m
Best Fix 1481 61lm 295m 81% 95%
First Fix 1481 60m 364m 79% 94%
All Fixes 1481 62m 348m 81% 94%

Table 4: Mobile Performance Summary for all mobile test cases.

# of Calls | m@67% | m@95% | %<100m | %<300m
Best Fix 782 50m 209m 88% 96%
First Fix 782 42m 469m 85% 93%
All Fixes 782 50m 333m 86% 94%

Table 5: Stationary Performance Summary for all stationary test cases.

#Fof Calls | m@67% | m@95% | %<100m | %<300m
Best Fix | 699 83m 327m 74% 94%
First Fix | 699 8§7m 326m 2% 94%
All Fixes | 699 85m 360m 74% 94%
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Figure 12: Overall Accuracy Performance (9 mobile test routes and 18 stationary test points)
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Best First All :

(a) Percentage of calls with accuracy errors less than 100 m and 300 m for “Best Fix,” “First Fix”
and “All Fix” results.
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(b) “Best Fix” accuracy error in meters with respect to percentage of calls
(67% =61 m, 81% = 100m, 95% =295 m, 95.3% = 300 m).
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Figure 13: Mobile Accuracy Performance (9 mobile test routes)
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(a) Percentage of calls with accuracy errors less than 100 m and 300 m for “Best Fix,” “First Fix”
and “All Fix” results
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@) “Best F 1x accuracy error m meters w1th respect to percentage of calls
(67% =50 m, 88% = 100m, 95% = 209 m, 96% = 300 m).
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Figure 14: Stationary Accuracy Performance (18 test points).
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(a) Percentage of calls with accuracy errors le;s than 100 m and 300 m for “Best Fix,” “First Fix”
and “All Fix" results.
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(b)iv‘ﬁest Fix” éécﬁracy error in meters with respect to percentage of calls
(67% =83 m, 74% = 100m, 94% = 300 m, 95% = 327 m).
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Additional insight may be gained into the nature of the system performance by observing the
histograms of the Best Fix error for the mobile and stationary data within the test region, as
shown in Figure 15 — Figure 16.
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Figure 15: Histogram - Mobile Test Data (9 Routes), Best Fix Performance.
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Figure 16: Histogram — Stationary Test Data (18 points), Best Fix Performance.
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A detailed description of the individual performance results for each test case (mobile test routes
and stationary test points) is presented in Table 6 — Table 9

Table 6: Mobile Testing Performance, percentage of calls with accuracy errors less than 100 m

and 300 m.
M1 43 93% 95% 93% 100% 92% 95%
M2 44 91% 91% 86% 91% 88% 90%
M3 95 95% 99% 94% 96% 96% 99%
M4 98 84% 98% 79% 93% 85% 96%
M5 83 89% 94% 81% 90% 85% 90%
M6 102 88% 97% 78% 94% 86% 96%
M7 110 93% 96% 90% 92% 90% 94%
M8 106 71% 92% 81% 90% 66% 90%
M9 102 95% 100% 89% 96% 92% 97%
[ All 782 88% 96% 85% 93% 86% 94%

Table 7: Mobile Testing Performance, accuracy errors in meters for 67% and 95% of calls.

M2 44 51m 609m 40m 605m 50m 745m
M3 95 38m 88m 33m 201m 35m 81m
M4 98 64rm 190m 53m 367m 59m 261m
M5 83 43m 326m 43m 837m 45m 739m
M6 102 42m 257Tm 50m 335m 48m 280m
M7 110 55m 139m 32m 687m 50m 373m
M8 106 89m 654m 46m 703m 102m 661m
M9 102 44m 95m 41m 224m 44m 138m
All 782 50m 209m 42m 469m 50m 333m
Testing Monitored by NENA 120001 015 : E003 : 2001-04-03
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Table 8: Stationary Testing Performance, percentage of calls with accuracy errors less than 100 m

and 300 m.
S1 42 95% 100% 95% 100% 96% 100%
S2 35 67% 97% 60% 97% 64% 97%
S3 30 97% 97% 97% 97% 97% 97%
sS4 40 38% 73% 50% 88% 49% 83%
S5 42 50% 91% 48% 91% 46% 88%
S6 41 22% 85% 24% 83% 23% 79%
S7 46 78% 91% 67% 87% 78% 89%
S8 42 86% 98% 79% 93% 83% 99%
sS9 47 81% 100% 81% 98% 80% 99%
S10 41 71% 98% 78% 95% 76% 96%
S11 45 69% 91% 64% 85% 67% 91%
S12 39 92% 100% 97% 100% 91% 99%
S13 43 100% 100% 98% 98% 99% 99%
S14 43 81% 88 91% 93% 81% 87%
S15 43 47% 100% 305 100% 41% 100%
S16 18 78% 100% 78% 100% 81% 100%
S17 36 100% 100% 97% 100% 100% 1005
S18 27 89% 96% 82% 93% 86% 95%
All 699 74% 94% 72% 94% 74% 94%

Table 9: Stationary Testing Performance, accuracy errors in meters for 67% and 95% of calls.

S1 42 54m 86m
S2 35 91m 183m 121m 183m 121m 183m
S3 30 38m 49m 38m 49m 38m 49m
S4 40 210m 646m 143m 604m 143m 646m
S5 42 136m 415m 144m 354m 144m 440m
S6 41 200m 433m 222m 1105m 240m 1139m
S7 46 54m 701m 93m 777m 65m 701m
S8 42 36m 186m 64m 585m 36m 188m
S9 47 31m 295m 21m 295m 31m 295m
S10 41 37m 161m 37m 270m 37m 270m
S11 45 70m 443m 119m 524m 78m 510m
S12 39 58m 108m 42m 85m 66m 134m
S13 43 51m 55m 51m 81m 51m 55m
S14 43 85m 360m 64m 360m 81m 364m
S15 43 113m 113m 113m 113m 113m 113m
S16 18 85m 106m 85m 106m 85m 106m
S17 36 36m 36m 36m 50m 36m 50m
S18 27 48m 133m 73m 623m 73m 133m
| All 699 83m 327m 87m 326m 85m 360m
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6 CONCLUSIONS

NENA and US Wireless Corporation have successfully completed testing of the RadioCamera™
Wireless Location system. Nine days of field-testing have been completed in a 2 square mile test
region, involving over 1400 test calls and 16,000 location fixes. The performance capabilities of
the RadioCamera™ system have been characterized over a wide range of operating environments
and test conditions. The system was able to meet and exceed the FCC accuracy requirement for
ensuring that at least 67% of all location fixes were within 100 meters of the caller’s location and
95% are within 300 meters.
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APPENDIX A: RADIOCAMERA™ SYSTEM TECHNICAL
BRIEF

Location Pattern Matching Theory

The U.S. Wireless RadioCamera™ (RC) system employs Location Pattern Matching technology
to determine the location of a caller’s mobile device. This technology, based on Radio Frequency
(RF) signal pattern recognition theory, is illustrated in Figure 17 below.

Natural and man-made objects cause the mobile phone’s signal to separate into a number of
signals following different paths (multipath). RF signals from a given geographic location have a
distinct set of multipath features by the time they reach the RC System antenna array, as shown in
Figure 18. Key features of these signals are detectable and processed into a signal pattern
signature. The system identifies the multipath signature emitted by a caller’s cell phone and
compares that signature to a database containing signatures previously recorded from known
locations. Since the signal pattern generated from a mobile phone is uniquely specific to the
phone’s location, the signature match is unique and identifies the location of the caller’s
transmitter.

The matching process involves several layers of signal processing and pattern recognition
accomplished in real-time, with continual generation of location estimates every few seconds
throughout the observation of the caller’s signal. This establishes the velocity and track of the
mobile device.

| A call 2. The signals 3, The RadioCamera 4. The signaFure is compared to a
1 4 from a bounce  off  of gystem analyzes the unique databgse of signatures from known
place buildings and other characteristics of the signal, locations, and a match is made, and the
“ﬁ:? errcx?tlsl obstacles, reaching including its  multipath caller’s  geographic location is
}:a dio signals the system antennae pattern, and creates a signal Iidentified.
' via multiple paths. pattern signature.

Figure 17 - Location Pattern Matching Geolocation

This process is not computationally burdensome and the database is typically installed on a
commercial grade PC running a Windows  NT  operating  environment.
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RadioCamera technology extracts information from radio wave fronts only, independent of the
modulation of the radio signal. Therefore, RC technology is compatible with all leading analog
and digital wireless standards. The RC System is not limited due to multipath, line of sight, or
multiple base station triangulation issues, as are older wireless geolocation technologies. The
performance of TDOA, AOA, and GPS systems is significantly degraded when challenged in
dense urban environments with high multipath content, where approximately 70% of all mobile
phone calls originate. U.S. Wireless has developed an entirely new method of wireless
geolocation that turns older system liabilities into real advantages. The RC System performance
is enhanced in high multipath areas because the greater number of multipath signals provides a
more distinctive location RF signature.

—————— .. Multipath Signature Envelope

Multipath Signal Components
RF Signal Point Source

System Antenna
A e

Figure 18- Multipath RF characteristics that define RF signatures

RadioCamera System Processing

The RadioCamera System uses processing algorithms that characterize RF signal amplitude and
phase differences as received at an array of antennas. A sophisticated matching algorithm that
incorporates soft-decision making as well as ambiguity mitigation is used to match a received
signature to a database of known signatures. A single RBU receiving site is capable of fully
locating signal sources. However, greater geolocation accuracy is obtained by combining
readings from multiple RadioCamera sites.

In order to determine the location of a mobile device transmitter—to geolocate the caller-two main
modes of operational processes must be performed:

Calibration Move a calibration transmitter through the coverage area.
Record the position of the transmitter by an independent GPS-based system.
Convert calibrated signals into signatures.
Combine the signatures with their location of origin in a Calibration Table

(Cal Table) database.
Location Receive the multipath signals from an unlocated transmitter in the coverage
area.
Testing Monitored by NENA 120 001 015 : E003 : 2001-04-03
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Convert the signals into signatures under controlled conditions.
Matching the transmitter signature to the closest Cal Table signatures.
Determine the associated location of the transmitter.

Before real-time geolocation of callers can take place, a Cal Table is constructed from RF signal
signatures generated from known locations in the coverage area (during Calibration Mode
operation). The reference database, containing entries of signature / location, is very robust and
stable for extended periods of time, and immune to conditions of weather, vehicular traffic, etc.
Re-calibration of the Cal Table is expected to occur only once or twice a year, and will be
provided as an integral part of the US Wireless service bureau offering.

When actually geolocating callers (during Location Mode operation), RF signals are acquired on
the uplink at a RadioCamera Base Unit (RBU). RF sampling and digitization of the signal is
followed by processing and generation of a RF signature.

The Cal Table and matching reside in the centralized Location Processor (LP) unit. After the
RBU generates a signature for an unlocated mobile device, the signature is then sent to the LP,
where it is matched in the Calibration Table database (Cal Table) specific to the RBU. The
resulting locations are then processed for a final location determination. Figure 19 provides a
high-level block diagram of the RadioCamera™ Wireless Location Platform.

Figure 19 - RadioCamera™ Wireless Location Platform

The location matches from all reporting RBUs are then evaluated together in the multi-site
matching Fusion Process. Here a small number of the most likely locations in the coverage area
are determined. The single best final location is determined by using the history of the mobile
device movement to rule out the least likely location estimates.

Tracking capabilities further enhance system accuracy. A tracking filter system reduces the error
and ambiguity of a reported position by evaluating the current location estimates with previous
estimates. In a model-based tracking approach, the RadioCamera™ Location Platform uses state
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information (position, speed, bearing) to allow only those solutions that are physically possible.
Starting at the last known position, speed and acceleration limits of the cell phone are applied to
eliminate improbable solutions. The tracking system also predicts the most likely track, based on
statistical analysis of past known positions. This method of processing allows unprecedented
accuracy that is vital in the highly mobile, fast changing cellular arena.
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